Antibiotic-resistant Staphylococcus aureus strains of phage type 88, lysogenic for phage 188, when grown in mixed culture with a nonlysogenic novobiocinresistant strain, acquired novobiocin resistance at a high rate from the nonlysogenic strain. With Strains lysogenized with phage 188 are designated by the laboratory number of the strain followed by the phage number in parentheses, e.g., 766(188).
A screening program for methicillin-and gentamicin-resistant Staphylococcus aureus strains isolated in New York City (11) indicated the presence of multiply resistant strains of phage type 88 in several hospitals. These strains have common characteristics such as rifampin resistance and the presence of a lysogenic phage designated phage 188 (11) . Strains of phage type 88 possess a small plasmid which determines chloramphenicol resistance. In addition, there is also a very large plasmid present, with still unknown genetic determinants.
Data by Lacey (4, 5) , Witte (12), and others indicate that transfer of antibiotic resistance in mixed cultures is often a very efficient method of genetic analysis of S. aureus. The mechanism of transfer in mixed cultures is not very well understood. According to Witte (12) and Lacey (5) , it may be different from phage-mediated transduction, but Meijers et al. (7) consider transduction as the main mechanism of genetic transfer in mixed cultures.
Using mixed cultures, we attempted to make transfer antibiotic resistance determinants from multiply resistant lysogenic strains of type 88 to novobiocin-resistant nonlysogenic cells, sensitive to phage 188. These experiments led to the unexpected result of transfer of chromosomedetermined novobiocin resistance from the nonlysogenic cells into lysogenic cells of type 88, with a very low rate of transfer of antibiotic resistance determinants from the lysogenic to the nonlysogenic cells. The presence of the lysogenic phage carried by strains of type 88 was required for the acquisition of antibiotic resistance from phage-sensitive donor strains. MATERIALS 
AND METHODS
Strains. The methicillin-and gentamicin-resistant strains of experimental phage type 88 used in mixed cultures were isolated at New York Hospital, Bellevue Hospital, New York University Hospital, and Cabrini Hospital in New York City (11) . Strain 916, isolated at Bellevue Hospital, was used in most experiments. Strain 766 is a novobiocin-and rifampin-resistant mutant of strain RN450 which has no detectable prophages (9) . Additional strains are listed in Table 1. Strains lysogenized with phage 188 are designated by the laboratory number of the strain followed by the phage number in parentheses, e.g., 766(188).
Bacteriophages. Phage sensitivity was tested as previously described (3, 11) [Difco] , and 5 g of NaCl in 1,000 ml of water) in the presence of 1 Fg of mitomycin C per ml. The plaque count was made with strain 766 as indicator. The host range of the phage preparations was determined with the propagating strains for the international and experimental phages used in our laboratory (11) .
Lysogenic derivatives of sensitive strains were obtained from resistant colonies growing in plaques formed by phage 188. The reisolated colonies were tested for resistance to phage 188, for phage production upon induction with mitomycin C, and for sensitivity of the original strain to phages induced in its lysogenic derivatives. Nonlysogenic derivatives of strain 916 were obtained by nitrosoguanidine mutagenesis (6 766. Lysogenic colonies form a halo around the site of inoculation, the halo being absent around nonlysogenic colonies. After reisolation, nonlysogenic colonies were tested for sensitivity to phage 188 and for lack of phage production after induction with mitomycin C. Transduction procedures. Transduction procedures were performed as described previously (10) . The transducing phage was added at a multiplicity of 0.1 to 0.2 PFU per colony-forming unit (CFU). In addition to direct selection on LB medium with the appropriate concentrations of antibiotics, 0.05 ml of the phage and cell mixture and 0.05 ml of the control culture were spread on LB agar without antibiotics. After incubation for 18 h, the cells from LB agar were suspended in LB broth to yield approximately 5 x 109 CFU/ml and were plated on selective media.
Transfer of resistance in mixed cultures. The strains used for mixed cultures were grown in LB broth to the mid-logarithmic phase (2 x 108 to 3 x 108 CFU/ml). For transfer on solid medium, 0.1 ml of the control cultures and 0.1 ml of an equal mixture of the two strains were plated on LB agar. After overnight incubation, suspensions of approximately 5 x 108 cells in LB broth were plated on LB medium with 3 ,ug of novobiocin and 2 jig of rifampin per ml (NR media) and the following concentrations of antibiotics: tetracycline, 2.5 ,ug/ml; erythromycin, 20 ,ug/ml; clindamycin, 5 ,ug/ml; methicillin, 10 ,ug/ml; penicillin, 10 ,ug/ml; gentamicin, 10 ,ug/ml; streptomycin, 50 ±g/ml; kanamycin, 25 ,ug/ml; chloramphenicol, 30 p.g/ml; and Cd(NO3)2, 2 x 10-5 M. In some instances, antibiotic media with novobiocin but without rifampin were used.
After incubation for 48 h at 37°C, colonies grown on selective media were transferred with toothpicks in a preset pattern on the same selective media and replicated on NR media with the other antibiotics. Representative colonies were reisolated on the selective medium and tested for antibiotic susceptibility by the method of Bauer et al. (1) and for phage sensitivity.
For experiments in liquid media, 5 ml of midlogarithmic growth phase cultures was mixed in the presence of 3 x 10-3 M CaCl2. The mixed cultures and control cultures were grown in Erlenmeyer flasks in a rotary shaker (120 rpm). The cultures were grown for 5 to 6 h to a cell density of 3 x 109 to 4 x 109 CFU/ml; 0.1 ml of inocula from the mixed culture and 0.1 ml of inocula from the control strains were then plated on NR selective media. In some experiments, cultures grown at different time intervals or overnight cultures grown at 80 rpm were used.
DNA-gel electrophoresis. In most instances, the method of Birnboim and Doly (2) min of incubation at 37°C, an equal volume of 2% sodium dodecyl sulfate in 0.2 M NaOH was added and neutralized with 50 ,ug of 3 M sodium acetate (pH 4.8) per ml. After 20 min at 4°C and centrifugation (7 min in an Eppendorf centrifuge), the supernatant fluid was precipitated with 1.2 ml of cold ethanol. After centrifugation and suspension of 0.3 M sodium acetate (pH 7.0) followed by a second precipitation and centrifugation, the deposit was dissolved in 50 ,ul of TES and was subjected to overnight electrophoresis at 35 V with 0.7% agarose in Tris-borate buffer (pH 8.3).
RESULTS
Strains of type 88, 916, 917, 918, 919, and 977 were grown in mixed culture on LB agar with the nonlysogenic strain 766 (Table 2) . No detectable growth was obtained with the control cultures. The highest rate of resistant colonies was observed on NR-tetracycline, NR-gentamicin, and NR-methicillin media. The ratio of resistant colonies selected on NR-tetracycline medium was 2 x 10-5 to 9 x 10-5/CFU (total colony count on LB agar). Plating on NR-chloramphenicol, NR-clindamycin, and NR-Cd(NO3)2 media yielded approximately 20% of the colonies obtained on NR-tetracycline medium ( Table 2 ). The number of resistant colonies was lower with strains 4818 and 4883 isolated at University Hospital. The colonies were reinoculated after a preset pattern on the same selective media and screened for the presence of additional resistance determinants by replication on the whole set of NR antibiotic media. Representative colonies were reisolated and retested. The colonies isolated on all selective media had the resistance spectrum of the multiply resistant strains of type 88. Only four tetracycline-resistant colonies ob- The rate of acquisition of novobiocin resistance was very low in stationary cultures. The rate of transfer was not affected when the cell concentration of stationary cultures was increased (12) by centrifugation of the culture and resuspension in 5% of the original volume.
In aerated cultures, the rate of acquisition of novobiocin resistance was low during the first 3 h of incubation but showed a sharp increase after 4 h (Fig. 1) . After 5 to 6 h of incubation, the rate of acquisition of novobiocin resistance up to 5 x 10-5/CFU could be observed (selection on NR-tetracycline medium). The rate of acquisition of novobiocin resistance increased to 8 x 10-4/CFU after 18 h. The increase in the rate of acquisition of novobiocin resistance between the 4th and 5th h of incubation could not be demonstrated when the culture was diluted 1/20 at 3 h of incubation.
The ratio of strains 916 and 766 in mixed cultures was determined at zero time, 6 PFU/ml after 6 h. The corresponding values with the supernatant fluid from control cultures of strain 916 alone were 3 x 106 to 7 x 106 PFU/ml after 3 h and 2 x 105 to 4 x 105 PFU/ml after 6 h.
DNase at relatively high concentrations (100 ,ug/ml) was added to mixed cultures of strains 916 and 766; it decreased the rate of acquisition of novobiocin resistance in stationary cultures by 40 to 70% but produced an increase of the rate of acquisition in aerated cultures. The effect varied greatly with the DNase preparations, some highly purified preparations having no detectable effect. It is possible that the effect of some DNase preparations is owing to impurities present in these preparations.
In attempts to inactivate DNase by pretreatment with pronase, a consistent increase of the rate of transfer of novobiocin resistance was observed. Further experiments indicated that pronase alone had the same activating effect, resulting in an increase of 130 to 300% of the rate of acquisition of novobiocin resistance. A detectable effect was obtained with concentrations as low as 1 ,ug/ml, but increased when the pronase concentrations were raised. Subsequently 100 ,ug of pronase (Calbiochem, 45,000 U/g) per ml was routinely added in transfer experiments. Other proteases such as chymotrypsin, proteinase K, and especially nagarase had an activating effect on the acquisition of novobiocin resistance.
The addition of pronase accelerated the appearance of novobiocin-resistant colonies ( Fig.  1) (188), strain 766(188) acquired from strain 1220 plasmid-determined chloramphenicol resistance and several groups of associated chromosomal resistance markers, such as tetracycline and minocycline resistance, gentamicin and erythromycin resistance, and streptomycin and kanamycin resistance. There was no detectable transfer of novobiocin resistance from strain 766(188) to strain 1220. A more detailed account of these experiments will be given elsewhere.
In experiments with several S. aureus strains, it was found that strain 766(188) can acquire in mixed cultures both chromosome-and plasmiddetermined resistance markers. The results with strains PS84, PS90, and RN1965 are summarized in Table 3 . Strain RN1965 is genetically related to strain 766 and is lysogenic for phage P11. The plasmid content of the three strains was determined by DNA-gel electrophoresis (2) 
